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E6XUIDFH(QJLQHHULQJ'HSDUWPHQW &6,5,QVWLWXWHRI 0LQHUDOVDQG0DWHULDOV 7HFKQRORJ\ %KXEDQHVZDU,QGLD
F6FKRRORI0LQHUDOV0HWDOOXUJLFDODQG0DWHULDOV(QJLQHHULQJ ,QGLDQ,QVWLWXWHRI7HFKQRORJ\%KXEDQHVZDU %KXEDQHVZDU,QGLD
$EVWUDFW
7KH FRROLQJVORSHWHFKQLTXHLVWKHRQFRPLQJVHPLVROLGSURFHVV 7KHSULPDU\ REMHFWLYHRIWKLV UHVHDUFK LVWR RSWLPL]HWKH SURFHVVSDUDPHWHUVRI
WKH FRROLQJ VORSH FDVWLQJ SURFHVV DQG WR JHQHUDWH WKH VHPLVROLG IHHGVWRFN VXLWDEOH IRU WKL[RIRUPLQJ SURFHVV7DJXFKL GHVLJQ RI H[SHULPHQWV
PHWKRGRORJ\KDVEHHQHPSOR\HGWRH[DPLQHWKHHIIHFWVRISURFHVVSDUDPHWHUVPDLQO\WKHSRXULQJWHPSHUDWXUHVORSHDQJOHDQGFRROLQJOHQJWKRQ
WKHKDUGQHVVEHKDYLRURI$DOOR\ SURFHVVHGE\ FRROLQJVORSHFDVWLQJ URXWH 7KHRSWLPXPSDUDPHWHUFRPELQDWLRQZDVREWDLQHGE\XVLQJ WKH
DQDO\VLVRIVLJQDOWRQRLVH61UDWLR ZLWKKDUGQHVVRI VHPLVROLG $ DOOR\ DVWKHUHVSRQVHYDULDEOH 7KHOHYHORILPSRUWDQFHRIWKHSDUDPHWHUV
RQWKHKDUGQHVV GHWHUPLQHG E\ DQDO\VLVRIYDULDQFH $129$UHVXOWHGLQWKHRSWLPDOYDOXHVRI &SRXULQJWHPSHUDWXUHDWDVORSHDQJOHRI
 DQGPPFRROLQJOHQJWKIRU KLJKHU KDUGQHVV RIWKHDOOR\DQGFRPSRVLWHV 7KH SRXULQJWHPSHUDWXUH ZDVWKHPRVWLQIOXHQWLDO SDUDPHWHURQ
WKHKDUGQHVVRIWKH VHPLVROLGIHHGVWRFNJHQHUDWHGE\FRROLQJVORSH FDVWLQJ URXWH
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV 7DJXFKLPHWKRG2SWLPL]DWLRQ &RROLQJ6ORSH FDVWLQJ 6HPLVROLGSURFHVVLQJ $ DOOR\ 7L% LQVLWX FRPSRVLWHV
 ,QWURGXFWLRQ
$OXPLQLXPEDVHGPHWDOPDWUL[FRPSRVLWHV $00&VDUHXVHGDVSRWHQWLDOPDWHULDO IRUYDULRXVDSSOLFDWLRQV LQ
DXWRPRELOHFKHPLFDOPLQHUDOSURFHVVLQJDHURVSDFHDQGWUDQVSRUWDWLRQLQGXVWULHVGXHWRWKHLUH[FHOOHQWPHFKDQLFDO
SURSHUWLHVWULERORJLFDOEHKDYLRXUDQGORZWKHUPDOH[SDQVLRQFRHIILFLHQW 6XUDSSD $PRQJVWWKH$O6LDOOR\V
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2YHU WKH SDVW GHFDGH LQVLWX UHLQIRUFHG $OXPLQLXP EDVHG PHWDO PDWUL[ FRPSRVLWHV $00&V ZLWK 7L% DV
UHLQIRUFHPHQWPDWHULDO DUH HPHUJLQJDVRQHRIWKHPRVWSURPLVLQJDOWHUQDWLYHVIRUHOLPLQDWLQJWKH LQKHUHQWGHIHFWV
DVVRFLDWHG ZLWK H[VLWX UHLQIRUFHG $00&V .XPDU HW DO  5DPHVK HW DO  ,W KDV EHHQ UHSRUWHG E\
UHVHDUFKHUV /DNVKPL HW DO  WKDW DPRQJVW YDULRXV SURFHVVLQJ WHFKQLTXHV IRU WKH GHYHORSPHQW RI LQVLWX
FRPSRVLWHV WKH OLTXLGPHWDOOXUJ\ LV ZLGHO\ DGRSWHG DQG WKHPRVW H[WHQVLYHO\ XVHG LV WKH )OX[ DVVLVWHG V\QWKHVLV
)$6 WHFKQLTXH7KH FRPSRVLWHVZLWK7L% DVUHLQIRUFHPHQWSURFHVVHGE\)$6URXWHJUHDWO\HQKDQFHVWKHWHQVLOH
SURSHUWLHVFRPSDUHGWRWKHDVFDVWDOOR\V 0DQGDO HWDO
6HPLVROLG PHWDOSURFHVVLQJ6603LVDQHDUQHWVKDSHPDQXIDFWXULQJ SURFHVVIRUPHWDOVDQGDOOR\V 7KHUHKDV
EHHQUHFRJQLWLRQIURPWKHOLWHUDWXUH WKDW FRPSRQHQWVIDEULFDWHGE\6603 KDVVHYHUDOSRWHQWLDODGYDQWDJHVVXFKDV
UHGXFWLRQ RI PDFURVHJUHJDWLRQ SRURVLW\ DQG SRVVHVVHV EHWWHU PHFKDQLFDO SURSHUWLHV WKDQ WKRVH SURFHVVHG E\
FRQYHQWLRQDO URXWHV 0HWDO IRUPLQJ LQ WKH VHPLVROLG VWDWH KDV DOVR JDLQHG LPSRUWDQFH IRU PDQXIDFWXULQJ RI
DOXPLQLXP DOOR\EDVHG FRPSRVLWHV )DQ 7KH EDVLF UHTXLUHPHQW RI VHPLVROLG SURFHVVLQJ LV WKH VOXUU\ZLWK
QHDUO\ VSKHULFDO SULPDU\ Į$O SDUWLFOHV 7KH REMHFWLYH RI IHHGVWRFN SURGXFWLRQ LV WR SURYLGH D PDWHULDO ZLWK D
FKDUDFWHULVWLFWKL[RWURSLFPLFURVWUXFWXUHZKHUHDQRQGHQGULWLF RUJOREXODUSULPDU\SKDVHZLWKDILQHJUDLQVL]HLV
XQLIRUPO\GLVWULEXWHGLQDPDWUL[RIORZHUPHOWLQJSRLQW 7KHLPSRUWDQWURXWHVIRUREWDLQLQJQRQGHQGULWLFIHHGVWRFN
DUH PHFKDQLFDO VWLUULQJ PDJQHWRK\GURG\QDPLFVWLUULQJ0+' DQGVWUDLQ LQGXFHGPHOW DFWLYDWHG6,0$SURFHVV
$WNLQVRQ ,QVSLWHRI WKHPDQ\PHWKRGVGHYHORSHGWKL[RIRUPLQJKDVQRWHQMR\HG WKH ZLGHVSUHDG DSSOLFDWLRQ
GXH WR KLJK SURGXFWLRQ FRVWV DQG OLPLWHG FKRLFH RI VL]H DQG QRQXQLIRUP PLFURVWUXFWXUH RI LQJRWV IURP WKHVH
WHFKQRORJLHV
7KH&RROLQJVORSH&6 FDVWLQJSURFHVV LVWKHRQFRPLQJVHPLVROLGSURFHVVZKLFKHPSOR\VVLPSOH HTXLSPHQWDQG
LQYROYHV ORZ UXQQLQJ FRVWV &6 FDVWLQJ LV D VLPSOH SURFHVVZKLFK LQYROYHV SRXULQJPROWHQPHWDOZLWK D VXLWDEOH
VXSHUKHDW WKURXJK D FRROLQJ VORSH SODWH DQG VXEVHTXHQW VROLGLILFDWLRQ LQ DPRXOG %LURO +DJD DQG6X]XNL
 ,QWKH &6FDVWLQJ SURFHVVWKHUHDUHVHYHUDOSURFHVVSDUDPHWHUVVXFKDVPRXOGPDWHULDOPRXOGWHPSHUDWXUH
FRROLQJ VORSH OHQJWK FRROLQJ VORSH DQJOH VXSHUKHDW SRXULQJ WHPSHUDWXUH HWF ZKLFK GLUHFWO\ LQIOXHQFH WKH ILQDO
PLFURVWUXFWXUHRIWKHVROLGLILHGVOXUU\ /HJRUHWWD HWDO 7KHUHIRUH WKLVUHVHDUFK LV IRFXVHG RQ RSWLPL]LQJWKH
NH\&6FDVWLQJSURFHVVSDUDPHWHUVWRREWDLQDVRXQGIHHGVWRFNRIVHPLVROLG$DOOR\DQG $7L% FRPSRVLWH
'HVLJQ RI([SHULPHQWV '2( LV LGHQWLILHG DV RQH RI WKH SRZHUIXO VWDWLVWLFDO WHFKQLTXHV WR VWXG\ WKH HIIHFW RI
PXOWLSOHYDULDEOHVVLPXOWDQHRXVO\ ,WLVXVHG WRHVWDEOLVKWKHUHODWLRQVKLSEHWZHHQLQSXWVDQGRXWSXWVRIDSDUWLFXODU
SURFHVV WR\LHOGDQLPSURYHGXQGHUVWDQGLQJRI WKH SURFHVV SHUIRUPDQFH 7DJXFKLDQG.RQLVKL6XUHNKD HWDO
 DGRSWHG '2(FRXSOHGZLWK5HVSRQVH6XUIDFH0HWKRGRORJ\560LQRUGHUWR HVWDEOLVKUHODWLRQVKLSVLQJUHHQ
VDQG PRXOGFRUH VDQG V\VWHPV ZLWK FDVWLQJV 7KH\ UHSRUWHG WKDW '2( WHFKQLTXHV SURYLGH SUHFLVH LQSXWRXWSXW
UHODWLRQVKLSV $PRQJVW WKH YDULRXV '2(FRQFHSWV OLNH7DJXFKL PHWKRG )DFWRULDO GHVLJQ560 HWF WKH7DJXFKL
PHWKRGLVDZHOONQRZQWHFKQLTXHWKDW SURYLGHVDV\VWHPDWLFDQG HIILFLHQWPHWKRGRORJ\IRUSURFHVVRSWLPL]DWLRQ
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7DJXFKL¶VSDUDPHWHUGHVLJQLVDQLPSRUWDQW WRROIRUUREXVWGHVLJQ,WRIIHUVDVLPSOHDQGV\VWHPDWLF DSSURDFKWR
RSWLPL]HGHVLJQIRUSHUIRUPDQFHTXDOLW\DQG FRVW7ZRPDMRUWRROVXVHGLQUREXVWGHVLJQ DUH 6LJQDO WR QRLVH 61
UDWLRZKLFKPHDVXUHVTXDOLW\ZLWKHPSKDVLVRQYDULDWLRQDQG 2UWKRJRQDO $UUD\V 2$ ZKLFKDFFRPPRGDWHPDQ\
GHVLJQ IDFWRUV VLPXOWDQHRXVO\ $QDO\VLV RI 9DULDQFH $129$ LV D FRPSXWDWLRQDO WHFKQLTXH WKDW TXDQWLWDWLYHO\
HVWLPDWHG WKH UHODWLYH FRQWULEXWLRQ RI HDFK FRQWURO IDFWRU RQ WKH RYHUDOO PHDVXUHG UHVSRQVH DQG H[SUHVVHV LW DV D
SHUFHQWDJH 8GD\D3UDNDVK HWDO  LQ WKHLULQYHVWLJDWLRQV RQ PDFKLQDELOLW\ RI$OXPLQLXP$OOR\ XVHG $129$
WHFKQLTXH WRGHWHUPLQH WKHGHVLJQSDUDPHWHUV VLJQLILFDQWO\ LQIOXHQFLQJ WKHUHVSRQVH 5DR HWDO  VWXGLHG WKH
LQIOXHQFHRI FXWWLQJSDUDPHWHUVRQFXWWLQJIRUFHDQGVXUIDFHILQLVKLQWXUQLQJRSHUDWLRQ E\XVLQJ7DJXFKLPHWKRGDQG
$129$ DQOD\VLV DQG IRXQG WKDW LW LV IHHG UDWH ZKLFK KDV VLJQLILFDQW LQIOXHQFH ERWK RQ FXWWLQJ IRUFH DV ZHOO DV
VXUIDFHURXJKQHVV 0DQWU\ HWDO  GLGDSDUDPHWULFDSSUDLVDORISURFHVVSDUDPHWHUV IRUDGKHVLRQ VWUHQJWK RI
SODVPDVSUD\HGQDQRVWUXFWXUHG<6=FRDWLQJVXVLQJ7DJXFKL¶V([SHULPHQWDO'HVLJQ 7KH\FRXOGIRXQGWKDWLWLVWKH
SDUWLFOHYHORFLW\WREHWKHPRVWVLJQLILFDQWIDFWRULQIOXHQFLQJWKHDGKHVLRQVWUHQJWKRI WKH FRDWHGVDPSOHV 5HFHQWO\
*KDQL HWDO  DSSOLHG 7DJXFKLPHWKRGLQWKHRSWLPL]DWLRQ RIHQGPLOOLQJSDUDPHWHUV 7KHLU VWXG\VKRZVWKDW
WKH7DJXFKLPHWKRGLVVXLWDEOHWRVROYHWKHVWDWHGSUREOHPZLWKPLQLPXPQXPEHURIWULDOVDVFRPSDUHG ZLWKDIXOO
IDFWRULDOGHVLJQ ,Q DQRWKHU ZRUN 6DYDVDQG.D\LNFL  HPSOR\HG 7DJXFKL RSWLPL]DWLRQURXWH IRU WKH SURGXFWLRQ
RI$O%PDVWHUDOOR\V
%DVHGRQ WKH OLWHUDWXUH UHYLHZ LWFOHDUO\ LQGLFDWHVWKDW 7DJXFKLDSSURDFKHQDEOHVDFRPSUHKHQVLYHXQGHUVWDQGLQJ
RI WKH LQGLYLGXDODQG FRPELQHGIURPDPLQLPXPQXPEHURI H[SHULPHQWV 0RUHRYHU LW LVZLGHO\XVHG LQGLIIHUHQW
DUHDVDVSURFHVVRSWLPL]DWLRQWHFKQLTXH ,W DOVRVKRZVWKDWWKHUHLVQRPXFKRIZRUN XQGHUWDNHQZLWK WKHDSSOLFDWLRQ
RI7DJXFKL PHWKRG IRU FRROLQJ VORSH FDVWLQJSURFHVV GHVSLWH WKH IDFW WKDW LW LV DZLGHO\XVHG IRURSWLPL]DWLRQRI
SURFHVVSDUDPHWHUV RZLQJ WR LWV LQGXVWULDO DSSOLFDWLRQV +HQFH WKHPDLQREMHFWLYHRI WKLV UHVHDUFK LV WR VWXG\ WKH
VLJQLILFDQFHRILQIOXHQFHRI SURFHVVSDUDPHWHUVPDLQO\WKHSRXULQJWHPSHUDWXUHVORSHDQJOHDQGFRROLQJOHQJWKRQ
WKH KDUGQHVV EHKDYLRU RI VHPLVROLG $ DOOR\ SURFHVVHG E\ FRROLQJ VORSH FDVWLQJ URXWH ,Q WKH SUHVHQW ZRUN
7DJXFKLPHWKRGLVDSSOLHG WR ILQGRXWWKH RSWLPXPVHWWLQJVIRUHDFK SURFHVVSDUDPHWHUDQGSDUDPHWHU FRPELQDWLRQDW
ZKLFK 6603 FRPSRQHQWV DUH WR EH SURGXFHG WR DFKLHYH JUHDWHU PHFKDQLFDO SURSHUWLHV 7KXV IURP WKH RSWLPXP
YDOXHVREWDLQHG IRU$DOOR\ WKH$7L% FRPSRVLWH IHHG VWRFNZDVJHQHUDWHG 7KHKDUGQHVVYDOXHV RI WKH




$FRPPHUFLDO$DOOR\DQG$7L% LQVLWX FRPSRVLWHV V\QWKHVL]HG E\)$6 WHFKQLTXHZHUHXVHG LQ WKH
SUHVHQWVWXG\7KHFKHPLFDOFRPSRVLWLRQRI$DOOR\LVSUHVHQWHGLQ WDEOH
7DEOH &KHPLFDOFRPSRVLWLRQRI$DOOR\ ZW
$OOR\ 6L 0J )H &X 0Q $O
$      
 3URFHVVLQJRI $7L% LQVLWXFRPSRVLWH
7KH $ZW7L% LQVLWX FRPSRVLWHVZHUH IDEULFDWHGE\)$6 WHFKQLTXH7KH.7L) DQG.%) KDOLGH VDOWV
XQGHUJRDQH[RWKHUPLF LQVLWX UHDFWLRQZLWKPROWHQ$O6LDOOR\ WRFUHDWH WLWDQLXPGLERULGH7L%GLVSHUVRLGV LQ
WKHPHOW,QLWLDOO\DSSURSULDWHDPRXQWRI$O6LPDVWHUDOOR\DQGFRPPHUFLDOSXUHDOXPLQLXP&3$/ZDVPROWHQ
LQDJUDSKLWHFUXFLEOHLQDUHVLVWDQFHIXUQDFHWRSUHSDUHWKH$O6LDOOR\7KHPHOWZDVNHSWDWDWHPSHUDWXUHRI
&7KHUHDIWHU WKH VDOWV DUH DGGHG DQG VWLUUHG IRU HYHU\ PLQXWHV IRU KRPRJHQRXV IRUPDWLRQ RI7L% SDUWLFOHV
$IWHUDUHDFWLRQWLPHRIRQHKRXUWKHGURVVZKLFKIORDWVRQWKHWRSRIWKHPHOWZDVGHFDQWHGDQGDSSURSULDWHDPRXQW
RI$O0JPDVWHUDOOR\ZDVDGGHGVRDVWRPDNH WKHQHWFRPSRVLWLRQRIWKHFRPSRVLWHWR$O6L0J 7L%
7KHPHOW LV WKHQ GHJDVVHGZLWK  ZW KH[D FKORURHWKDQH DQG WKH FRPSRVLWHV ZHUH FDVW LQ VSOLW W\SHPLOG VWHHO
PRXOGV )XUWKHUGHWDLOVRI)$6WHFKQLTXHFDQEHIRXQGHOVHZKHUH .XPDU HWDO0DQGDO HWDO0DQGDO
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$DOOR\DQG$7L% FRPSRVLWHV ZHUH PHOWHG VHSDUDWHO\ DW WHPSHUDWXUHV RI &DQG&UHVSHFWLYHO\
LQ D UHVLVWDQFH IXUQDFH 7KH PHOW LV WKHQ GHJDVVHG ZLWK  ZW KH[DFKORURHWKDQH 7KH PHOW WKXV REWDLQHG ZDV
LQRFXODWHGZLWK$O7L%DQG$O6UPDVWHUDOOR\VLQ DFFRUGDQFHZLWKWKHVWDQGDUGFRPPHUFLDOSUDFWLFH 7KHPHOW
ZDV WKHQ DOORZHG WR FRRO WR WKH GHVLUHG SRXULQJ WHPSHUDWXUH RI  & 7KH &6 FDVWLQJ H[SHULPHQWV LQYROYHG
SRXULQJWKHPROWHQ$DOOR\DQG$7L% FRPSRVLWHRYHUDPPZLGHDQG PPORQJLQFOLQHGPLOGVWHHO
SODWHLQWRDSHUPDQHQWPROGZLWKDGLDPHWHURIPPDQGDGHSWKRIPP7KHFRROLQJSODWHZDVDGMXVWHGDW
 ZLWK UHVSHFW WR WKHKRUL]RQWDO SODQH DQGZDV FRROHGE\ZDWHU FLUFXODWLRQ XQGHUQHDWK7KH IORZ UDWHRIZDWHU
FLUFXODWLRQZDVNHSWFRQVWDQWRI/PLQWKURXJKRXWWKHH[SHULPHQWV 7KH VXUIDFHRIWKHSODWHZDVFRDWHGZLWKDWKLQ
OD\HURI]LUFRQLD SDVWH LQRUGHUWRDYRLGVWLFNLQJRIWKHPHOWRQWKHSODWHDQGWRIDFLOLWDWHDWURXEOHIUHHPHOWIORZ $
SUHKHDWHGJUDSKLWHIXQQHOZDVXVHGDVDSRXULQJFXSDQGDJUDSKLWH FRQH ZDVXVHGWRDOORZ WKHPHOWWRILOOLQWKH
PROGPRUHHDVLO\7KHPROWHQPHWDOVWDUWVVROLGLILFDWLRQRQWKHFRROHGSODWHDQGFRQWLQXHVVROLGLILFDWLRQLQWKHPROG
7HPSHUDWXUHV ZHUH PRQLWRUHGZLWK D.W\SH WKHUPRFRXSOH IL[HG DW WKH VWDUW RI WKH VORSH DQG RQH LQVHUWHG LQ WKH
PROGWRUHFRUGWKHVWDUWDQGH[LWWHPSHUDWXUHVRIWKHPHOW DORQJWKHVORSH7KHH[SHULPHQWDOVHWXSRIWKH&6FDVWLQJ
SURFHVVLVVKRZQLQ )LJ DQGWKHH[SHULPHQWDOSDUDPHWHUVXVHGLQWKHSUHVHQWVWXG\DUHJLYHQLQ WDEOH 
)LJ ([SHULPHQWDOVHWXSRI &RROLQJVORSHFDVWLQJDGLJLWDOSKRWRJUDSKDQGEVFKHPDWLFLOOXVWUDWLRQ
7DEOH  ([SHULPHQWDOFRQGLWLRQVRI &6 FDVWLQJ SURFHVV
&6 3URFHVVSDUDPHWHUV 5DQJH




/HQJWK PPZLGWK PP5DGLXV PP87\SH
&RDWLQJRQWKHLQFOLQHGSODWH =LUFRQLDSDVWH










ZHUH GHVLJQHG WR DSSO\ WKH 7DJXFKL¶V PHWKRGV WR HVWDEOLVK WKH RSWLPDO SURFHVVLQJ FRQGLWLRQV RI WKH &6 FDVWLQJ
SURFHVVIRUWKHJHQHUDWLRQRIVHPLVROLGIHHGVWRFNRI$DOOR\ DQG$7L% FRPSRVLWH 7KHSUHOLPLQDU\VWHS
LQ WKH7DJXFKLPHWKRG LV WKH VHOHFWLRQRIDQDSSURSULDWH2$$ WKUHH OHYHO2$/ KDVEHHQHPSOR\HG LQ WKH
GHVLJQRIWKHH[SHULPHQWVZKLFKLQFOXGHV H[SHULPHQWV7KH &6 FDVWLQJSURFHVVSDUDPHWHUVLQYROYLQJWKHSRXULQJ
WHPSHUDWXUH VORSH DQJOH  DQG FRROLQJ OHQJWK  DUH DVVLJQHG WR WKH ILUVW VHFRQG DQG WKLUG FROXPQV RI WKH DUUD\
UHVSHFWLYHO\7KHSURFHVVSDUDPHWHUVDQGWKHLUOHYHOVDUHJLYHQLQ WDEOH
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ZKHUH QLVWKHQXPEHURIPHDVXUHPHQWVKHUHQ LQDWULDODQG\L LVWKHLWK UHVSRQVHYDOXHKDUGQHVVIRUHDFK
QRLVHUHSHWLWLRQRIPHDVXUHPHQWDQGVXEVFULSWLLQGLFDWHVWKHQXPEHURIGHVLJQSDUDPHWHUVLQWKH2$ZKLFKLV
7KH 'HJUHHRI)UHHGRP'2) IRUWKUHHSDUDPHWHUVLQHDFKRIWKUHHOHYHOVZHUHFDOFXODWHGDV'2) 1ZKHUH





SDUDPHWHU 6DYDVDQG.D\LNFL  VXJJHVWHGWKDWLQ 7DJXFKLPHWKRGDGHVLJQSDUDPHWHUIDFWRULVFRQVLGHUHGWR

































































ZKHUH 667 LVWKHVXPRIVTXDUHVGXHWRWRWDOYDULDWLRQ1LVWKHWRWDOQXPEHURIH[SHULPHQWV 66$ UHSUHVHQWVWKHVXP
RIVTXDUHVGXHWRIDFWRU $.$ LVWKHQXPEHURIOHYHOVIRUIDFWRU$$L VWDQGVIRUWKHVXPRIWKHWRWDOLWKOHYHORIWKH
IDFWRU $ Q$L LV WKH QXPEHU RI VDPSOHV IRU LWK OHYHO RI IDFWRU $ 7 LV WKH VXP RI WRWDO 61 UDWLR RI WKH




7KH;5'SDWWHUQ RI WKHDVFDVWFRPSRVLWHVVKRZLQJSHDNVRI$O6LDQG7L%LV VKRZQ LQ )LJ 7KHSUHVHQFH
RISHDNVFRUUHVSRQGLQJWR 7L% FRQILUPVWKHFRPSOHWLRQRI UHDFWLRQVRIKDOLGH VDOWVZKLFKOHDGVWRWKHIRUPDWLRQRI
7L% SDUWLFOHVGXULQJ LQVLWX SURFHVVLQJ
)LJ  ;5'SDWWHUQVRI$DOOR\DQG$7L% FRPSRVLWHV
 7DJXFKL¶VH[SHULPHQWDOGHVLJQDQDO\VLV
,Q WKH 7DJXFKL¶V GHVLJQ DSSURDFK 9LFNHU¶V PDFURKDUGQHVV +Y PHDVXUHPHQWV ZHUH WDNHQ DW IRXU GLIIHUHQW
UHJLRQVRIHDFKVDPSOH RI$ DOOR\ DQGWKHDYHUDJHYDOXHLVUHFRUGHG$61UDWLRZDVFDOFXODWHGE\XVLQJWKLV
DYHUDJH KDUGQHVV E\ FRQVLGHULQJ ³ODUJHUWKHEHWWHU´ TXDOLW\ FKDUDFWHULVWLFV 7KH DQDO\VLV RI WKH H[SHULPHQWDO GDWD
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7KHUHVSRQVHWDEOHE\IDFWRUOHYHOIRUWKHDYHUDJHKDUGQHVVRI$DOOR\DQGWKHFRUUHVSRQGLQJUHVSRQVHJUDSKDUH
JLYHQLQ WDEOH  DQG )LJ  UHVSHFWLYHO\ 7KH UHVSRQVHWDEOHE\IDFWRUOHYHOIRUWKH61UDWLRVRIWKH$DOOR\DQG
WKHFRUUHVSRQGLQJUHVSRQVHJUDSKDUHJLYHQLQWDEOHDQG )LJ UHVSHFWLYHO\
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)LJ 0DLQHIIHFWVSORWIRU61UDWLRVRIDYHUDJHKDUGQHVVRI$DOOR\
%DVHGRQWKHDQDO\VLVRIWKH61UDWLRVUHIHUULQJWR WDEOH  DQG )LJWKH RSWLPDOIDFWRUVDUHREWDLQHGDWSRXULQJ
WHPSHUDWXUH&OHYHODWVORSHDQJOHRIOHYHODQGFRROLQJOHQJWKRIPPOHYHO$FFRUGLQJWRWKH
SULQFLSOHV RIWKH7DJXFKLPHWKRG DJUHDWHU61YDOXHFRUUHVSRQGVWRDEHWWHUSHUIRUPDQFH7KHUHIRUHWKHRSWLPDO
OHYHORIWKH&6FDVWLQJSURFHVVSDUDPHWHUVLV WKHOHYHOZLWKWKHJUHDWHVW61YDOXH 7KXVWKHRSWLPXPOHYHORI &6
FDVWLQJ SURFHVVSDUDPHWHUWRREWDLQPD[LPXPKDUGQHVVRI66)FRPSRQHQWVRI$DOXPLQLXP DOOR\LV$%&
ZKLFKFRUUHVSRQGV WRSRXULQJWHPSHUDWXUH&VORSHDQJOHRIDQGFRROLQJOHQJWKRIPP
7KHSHUFHQWDJHFRQWULEXWLRQ3RIWKHSURFHVVSDUDPHWHUVRQWKH KDUGQHVV DV VKRZQ LQ WDEOH  LV FDOFXODWHG E\(T
DV
3  66G   667  
ZKHUH 66G LVWKHVXPRIWKHVTXDUHGGHYLDWLRQVDQG 667 LVWKHVXPRIVTXDUHVGXHWRWRWDOYDULDWLRQ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7RWDO   
)URPWKH$129$UHVXOWV WKHPRVWVLJQLILFDQWLQIOXHQFLQJSDUDPHWHURQKDUGQHVVLVWKHSRXULQJWHPSHUDWXUHZKLFK
DFFRXQWVIRURIWKHWRWDOHIIHFWIROORZHGE\FRROLQJOHQJWKDQGVORSHDQJOHUHVSHFWLYHO\
7KXV WKH VHPLVROLG IHHG VWRFN RI WKH $ DOOR\ VKRZQ LQ )LJ  LV JHQHUDWHG ZLWK WKH RSWLPXP&6 FDVWLQJ
SDUDPHWHUV RI  SRXULQJ WHPSHUDWXUH  & VORSH DQJOH RI  DQG FRROLQJ OHQJWK RI  PP 7KH UHVXOWLQJ
PLFURVWUXFWXUHVRI WKH IHHGVWRFN RI$ DOOR\ DQG$7L% FRPSRVLWHLVVKRZQLQ )LJ 
)LJ  6HPLVROLGIHHGVWRFNRI$DOOR\
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)LJ 2SWLFDOPLFURJUDSKVRID $V FDVW$DOOR\E &6 FDVW$DOOR\F&6 FDVW$7L% FRPSRVLWH
 &RQILUPDWLRQ([SHULPHQWV
$FFRUGLQJ WR WKH 7DJXFKL DSSURDFK WR FRPSDUH WKH UHVXOWV ZLWK WKH H[SHFWHG FRQGLWLRQV LW LV QHFHVVDU\ WR
SHUIRUP D FRQILUPDWLRQ H[SHULPHQW 6DYDV DQG .D\LNFL  7KH FRQILUPDWLRQ H[SHULPHQW LV SHUIRUPHG E\
FRQGXFWLQJ D WHVW ZLWK D VSHFLILF FRPELQDWLRQ RI WKH IDFWRUV DQG OHYHOV SUHYLRXVO\ HYDOXDWHG ,Q WKLV VWXG\ DIWHU
GHWHUPLQLQJ WKH RSWLPXP FRQGLWLRQV DQG SUHGLFWLQJ WKH UHVSRQVH XQGHU WKHVH FRQGLWLRQV D QHZ H[SHULPHQW ZDV
GHVLJQHGDQG ILYH UXQV ZHUH FRQGXFWHGZLWKWKHRSWLPXPOHYHOVRIWKH&6FDVWLQJSURFHVV SDUDPHWHUV DQGDYHUDJH
YDOXH LV UHFRUGHG 7KH ILQDO VWHS LV WRSUHGLFW DQGYHULI\ WKH LPSURYHPHQWRI WKHSHUIRUPDQFH FKDUDFWHULVWLF7KH
HVWLPDWHGYDOXHRIWKH KDUGQHVV \RSW DW RSWLPXP OHYHOVRIWKH&6FDVWLQJSDUDPHWHUV ZDVFDOFXODWHGE\DGGLQJWKH
DYHUDJHSHUIRUPDQFHWRWKH FRQWULEXWLRQRIHDFKSDUDPHWHUXVLQJWKH (T

:KHUH P LVWKH DYHUDJH KDUGQHVV P 71 7 LVWKH JUDQGWRWDORIDYHUDJH KDUGQHVV IRUHDFKH[SHULPHQW
1 LVWKH WRWDOQXPEHURIH[SHULPHQWV PRSW LVWKH DYHUDJH KDUGQHVV IRU SDUDPHWHUV $% DQG& DW WKHLU RSWLPXPOHYHOV
7KH HVWLPDWHG 61UDWLR KÖ XVLQJWKHRSWLPDOOHYHOVRIWKH &6 FDVWLQJ SDUDPHWHUV LV FDOFXODWHG XVLQJ(T DV

ZKHUH PK LVWRWDOPHDQRI61UDWLR LK LVWKHPHDQRI61UDWLRDWWKHRSWLPDOOHYHODQG Q LVWKHQXPEHURIPDLQ
SDUDPHWHUV KHUHQ  WKDWVLJQLILFDQWO\DIIHFWWKHSHUIRUPDQFH
7KH YDOXH RI DYHUDJH KDUGQHVV RI WKH $ DOOR\ REWDLQHG IURP WKH H[SHULPHQW ZDV WKHQ FRPSDUHG ZLWK WKH
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 DYHUDJHYDOXHRIUXQV
)URPWKHFRQILUPDWLRQH[SHULPHQWV LWFDQEHVHHQ IURPWDEOH  WKDWWKHGLIIHUHQFHEHWZHHQ H[SHULPHQWDOUHVXOWDQG
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 &RQFOXVLRQV
7KLVVWXG\KDVGLVFXVVHGDQDSSOLFDWLRQRIWKH7DJXFKLPHWKRGIRULQYHVWLJDWLQJWKH HIIHFWVRI FRROLQJVORSH
FDVWLQJ SURFHVV SDUDPHWHUV RQ WKH KDUGQHVV YDOXHV RI VHPLVROLG $ DOOR\ )URP WKH DQDO\VLV RI WKH UHVXOWV RI





SDUDPHWHUVDVSRXULQJ WHPSHUDWXUHRI&VORSH DQJOHRIDQG FRROLQJOHQJWKRI PP
 )URPWKH$129$UHVXOWVWKHPRVWVLJQLILFDQWLQIOXHQFLQJSDUDPHWHURQKDUGQHVVRIWKH$DOOR\LV
WKH SRXULQJ WHPSHUDWXUHZKLFK DFFRXQWV IRU RI WKH WRWDO HIIHFW IROORZHG E\ FRROLQJ OHQJWK
DQGVORSHDQJOHUHVSHFWLYHO\
 7KHFRQILUPDWLRQ H[SHULPHQWV LQGLFDWHG WKDW WKHH[SHULPHQWDOYDOXHRI KDUGQHVV RI WKH$DOOR\ LV
YHU\FORVHWR WKDWRI WKHHVWLPDWHGYDOXH IURP7DJXFKLPHWKRG 7KLV FRQILUPVWKHHIIHFWLYHQHVVRIWKH
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